Sample N1 (TEOS/АРТЕS = 1/1 (mol.)). 21.7 ml of 25% aq. NH 4 OH and 14 ml of distilled water were added at constant stirring to 100 ml of ethanol. In several minutes, 6 ml (0.026 mol) APTES were added to the mixture. The solution immediately turned cloudy; however, in few minutes it got transparent again. Then 6 ml (0.027 mol) of ТЕОS were added to it. In two minutes, the solution was cloudy again, and the amount of precipitate started increasing.
: C, 12.6; H, 0.5.
Found: C, 12.6; H, 1.6.
Synthesis of bifunctional nanoparticles with hydrophobic
(perfluorooctyl-, methyl-, or n-propyl-) and amine-containing groups in the surface layer
Sample NM (TEOS/APTES/MTES = 3/0.5/0.5). Its synthesis was carried out similar to N4, but APTES and МТЕS volumes were 0.7 ml and 0.6 ml. After the appearance of opalescence in 40 min, ammonia was added. In 3 h after addition the precipitate was centrifuged and washed. The yield was 0.89 g.
Sample NMi (TEOS/APTES/MTES = 3/0.5/0.5). Its synthesis was carried out similar to NM, but in an ice bath at a temperature of 3-4°C. After the appearance of opalescence in 60 min, ammonia was added. In 3 h after addition the precipitate was centrifuged and washed. The yield was 0.52 g.
Sample NMh (TEOS/APTES/MTES = 3/0.5/0.5). Its synthesis was carried out similar to NM, but with heating to 50°С. After the appearance of opalescence in 15 min, ammonia was added. In 1 h after addition the precipitate was centrifuged and washed. The yield was 0.49 g.
Sample NF1 (molar ratio TEOS/APTES/PFES = 3/0.25/0.25). 0.234 ml (0.001 mol) of APTES were added to the solution of ammonium hydroxide in ethanol (3.71 ml of 25% aq. NH 4 OH in 31.84 ml of ethanol). After the disappearance of turbidness, the solution was added, under constant stirring, to the mixture of 2.67 ml (0.012 mol) of TEOS, 0.384 ml (0.001 mol) of PFES, and 2.33 ml of ethanol, and left stirring for 1.5 h. In the beginning, the solution was transparent, but in 10 min the formation of particles was observed.
Precipitate was centrifuged (for 10 min at 6000 rpm), washed with ethanol and S5 again centrifuged. The washing procedure was repeated twice. The sample was dried in oven at 100°C to constant mass. The sample featured white powdery substance. The yield was 0.85 g.
Samples NF2, NF3 and NF4 (molar ratio TEOS/APTES/PFES/= 3/0.5/0.1; 3/0.5/0.5 and 3/1/0.1, respectively) were synthesized similar to NF1 (with PFES:APTES ratio of 0.153 ml (0.0004 mol):0.47 ml (0.002 mol); of 0.77 ml (0.002 mol):0.47 ml (0.002 mol) and of 0.153 ml (0.0004 mol):0.94 ml (0.004 mol), respectively). The yields of the resulting white powders were 0.8 g, 1.39g and 1.1g for NF2, NF3 and NF4, respectively.
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Figure S1: SEM images and particle size distribution curves for monofunctional amino-containing samples N1, N2, N3, N4, N4i, N4h. 
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Characterization of fluoroalkyl derived monofunctional samples
SEM microphotographs of synthesized samples with fluorine-containing groups also confirm the formation of nanoparticles (see Fig. FS3 ). Considering particles with monofunctional fluorine-containing surface layer (samples F1 and F2), the increase in the content of PFES in the reaction mixture produced more uniform particles (F1, Fig. FS3 ) bigger in size (Table TS1 ). The surface of sample F2 is rough and each particle seems to be composed of smaller particles (10-20 nm in size) (Fig. FS3 ).
Meanwhile sample F1 with higher relative content of PFES has smooth surface and features particles close to spherical (Fig. FS3) . Moreover, relative content of fluorine determined by EDXS analysis for both samples F1 and F2 correspond to the initially desired F/Si relations (Fig. FS4) . As well as the content of perfluoroctyl groups, recalculated from elemental analysis on carbon for samples F1 (1.7 mmol/g) and F2
(1.3 mmol/g) also coincide with the theoretically assessed values based on the ratios of reacting alkoxysilanes (1.73 mmol/g for F1 and 1.32 mmol/g for F2). It should be S8 mentioned that specific surface of sample F1 is significantly less than the sample F2 (see Table TS1 ). Consequently, higher density of surface groups on the surface of sample F1 promotes the formation of smoother spherical particles, apparently via the hydrophobic interactions. Due to the above-mentioned different particle structures of samples F1 and F2, their size comparison would be incorrect. 
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DRIFT analysis of the surface layers
The assignment of absorption bands in the DRIFT spectra of samples was carried out using references [1] [2] [3] . In the DRIFT spectrum of the sample N2 (Fig. FS6, spectrum 1 ) the absorption band at 1534 cm -1 , resulting from δ(NH 2 )
bending of the amino groups is clearly visible. In addition, the DRIFT spectrum also contains an intense absorption band with a high-frequency shoulder in the region of 1000-1200 cm 
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The presence of perfluorooctyl groups in monofunctional fluorine-containing samples (sample F2 in Fig. FS6 ) was confirmed by a band of medium intensity with a frequency of ~1315 cm -1 corresponding to ν as (CF). 4 This absorption band is not observed in samples not containing a fluoroalkyl residue. However, the symmetric stretching band ν s (CF) somewhat overlaps with stretching vibrations of polysiloxane network (broad intense adsorption band of siloxane bonds, SiОSi, in the range 1000-1200 cm -1 ), so it is difficult to identify it clearly. The signal (shoulder) at ~900 сm -1 , overlapping with a broad medium intensity band of (Si-ОН) vibrations at 950 сm, -1 also indicates the presence of CF 3 groups [4, 5] .Indirectly, the presence of ≡Si(CH 2 ) 2 (CF 2 ) 5 CF 3 groups in samples is testified by absorption bands at ~1364, ~1413 сm -1 (weak), and ~1441 сm -1 in their IR spectra (Fig. FS6 ), which can be attributed to (CH 2 ),
, and  as (CH 2 ) respectively. Absorption bands characteristic of symmetric and asymmetric stretching vibrations of C-H bonds are also present in the region 2900-2985 cm -1 , but they overlap with broad absorption band of (OH) of adsorbed water at ~ 3000-3400 cm -1 .
The DRIFT spectra of bifunctional samples with fluorine and amine containing groups in the surface layer revealed adsorption bands characteristic of both amino-and perfluorooctyl functional groups mentioned above, thus witnessing their incorporation in the samples (Fig. FS6 ). For example, the spectra of samples NF3 revealed an absorption band at 1547 cm (Table TS1) Table   TS1 ). This is an indirect confirmation that their SEM images are likely to present the secondary structures, but clearly it can be argued only for sample F2 (Fig. FS3 ). For this sample it is consistent with structural adsorption analysis.
Nitrogen adsorption studies
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TGA studies
Thermal analysis data indicate the presence of functional groups and water in the synthesized samples. Thus, Their thermal destruction starts above 400°C (sample F2 in Fig. FS7 ). The processes of destruction of their organic layer are similar to the xerogels synthesized at the same TEOS:PFES ratios [6] . The DTG curves for bifunctional samples contain a peak at lower temperatures about 290°C (FN4 and NMh in Fig. FS7 ) associated with the removal of surface amino groups.
The decomposition of amino groups in pure amino sample (N4h) starts at slightly lower temperature (270°C, Fig. FS7 ) and is consistent with the data for xerogels containing 3-aminopropyl groups [7, 8] .
According to Table TS1 , amino groups content in spherical silica particles is in the range 0.5-2.0 mmol/g (at the ratio of TEOS:APTES=3:1), which is about 2 times less than expected from the ratio of reactive alkoxysilanes. The data in this table suggest that several factors determine amino groups content: the components ratio (samples N1 and N2), the order of alkoxysilanes introduction in the reaction solution (samples N2 and N3), the synthesis temperature (samples N4i, N4, and N4h); little effect is produced by the amount of used ammonia (samples N2 and N4) [9] . The accessibility and hydrolytic stability of temperatures. In other words, there are several factors that influence the composition of the surface complexes, and this effect may be contradictory.
The types of copper(II) adsorption isotherms for the samples also confirm the above-mentioned observation (Fig. 6 ). 
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Whereas simple for majority of samples, the copper(II) adsorption isotherms of samples N4i and N2 have clear bends (Fig. 6, FS8) . If for the first sample such bend is observed at a low C 0 Cu :C 0 R ratio and in a wide range (see Fig. 7 ), for the later sample it is abrupt at 1.5. It is worth noting that the synthesis of sample N4i was conducted at low temperature, while monofunctional sample N2 was obtained at room temperature and using different synthesis technique. Obviously, in both cases there is different composition of copper(II) complexes formed in the surface layer of the samples. S19 Figure S9 : The EDSR spectra of the copper(II) complexes with monofunctional layers.
Adsorption of organic molecules on the monofunctional perfluoroalkyl functionalized layers
In the case of acetonitrile vapor adsorption isotherm for sample F2, at low fillings it coincides with n-hexane adsorption isotherm. But with increasing P/Ps, acetonitrile adsorption curve is going higher, which may result from different S20 molecular sizes of acetonitrile and n-hexane. Water adsorption isotherm curve is lower, confirming the hydrophobicity of the sample. 
